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 SUMMARY

Wing-operation tests of the Chance-Vought FUU-1D alrplane ware

made in the Langley full-scale tunnel in order ito lnvestigate the
difficulties encountered &board aircraft carriers Iin spreading end
folding the wings of the subJect ailrplane in high winds. This '
investigation included a yaw-angle range of fram -45° to 30° and a
range of tummel sirspeeds of from O knots To that at which the
upstream wing refused to spread. Tests were conducted on & service
airplane and, later, on another FLU-1D airplane incorporating
modifications made to improve wing-spread operation.

.The date are presented in graphical form as composite plots
shoWing the variations of hydraulic pressure and wing folding-strut
loads with changing angle of wing rotation for the range of yaw
rositions, The time intervals required for wing operation, and the
alrspeeds at which wing-spread refusal occurred, are presented in
tebular form for the original and modlfied a.irplanes.

The results showed tha.t, for the range-of—ya.w positions a.nd .
airspeeds in’vestigated, the most criticel condition from the stand-
point of épreading the wings occurred with the a.izpla.ne at the 30°
yaw poSitlon, The foldlng charscteristics in every condition
tested were satisfactory.

The greatest improvemeﬁt towards alding the wing-spr:ead
operation was accomplished by increasing the hydraulic pressure
avalleble to at least the 1800 pomds per square inch used during
the tests. - ) .
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It was also found that some aid may be cbtelned in spreeding
by opersting the cowl flaps, or by moving the control stick to ard
the wing having ths greateat difficulty in spreading.

A method is pressnted whereby it is possible to evaluats
p:f---;ssure regquived for wing-spread operation up to end beyond the
wing-rofusel limits of the originel airyplsne. An illustrativs
comparison of the values obtelned by this method and by tests is

included in the text.

INTRODUCTION

The Bureau of Aeronautics, Navy Depertment, requested wing-
oporation tests of the Chance -Vought FUU-1D airplens to be made in
the Langley full-scale tunnel. These tests ware occaslonzd by the
reports from alrcreft carriers that difficulty was experienced in
spreading and folding the wings of the subject airplane in high
winds., The investigetion called for a determination of the air-
speceds and yaw angles critical for both wing-spreading and wing-
folding, and also any simple modifications which weuld offer
improvements toward wing-spread operation,

Thie report presents a correlation between hydraulic pressure
and loads in the wing-folding struts over the camplste operating
range of both winge. The correlastion includes a yaw-angle range of
fram -45C to 30° and a renge of tunnel airspecds from O knots %o
the airspeed at which the upstreem wing refusced to spread.

Since the time interval necessary for successful wing operation
is en importent conmideratlon, survey of the time reguired to fold
end spread the wings for varioue coambinatioms of yaw angle, air-
speed, and hydraulic preasure is presented.

Later, tests wers conducted on another FiU-1D alrplane incor-
porating modifications made to improve wing-spread operation.
These—testa involved only the determination of sairspeeds and yaw
angles critlcal for wing-spread operation, and time measuremsnts
for wing psrformances,

ATRPLANE AND MODIFICATIONS

The Chence-Vought FLU-1D airplans is a singls-place Navy
fighter powered by & Pratt and Whitney R-2800-8W engine having a
normal teke-off rating of 2000 horsspower at 2700 rpm. The
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airplene wes equipped with 8 rocket launchers, b on each ocuter wing
panel. With the rocksts installed, a favorable weight moment vas
availeble for the spreading operation; therefore, for the tests of
the originel alirplane, rockeis were mouvnted only on the downstream
wing to simulete waximum loading conditions for the foldlng
operatlon. Rockets were removed entirely for all tests at 0% yaw
and for all tests of the modified airplans. Welights equal to a
full ammunition load were Installed In the wing ammmnition boxes.

A gst of modified aileron linkages were installed on the air-
plire to debermine their effect on limiting alrspeed for wing-refusal
operetion. These linkeges, which were supplied by the Chance-Vought
Corpany, d1d not_chenge the aileron control with wings oxtendsd, bub
did produce a 12%—0 up-aileron deflection (stick meutral) when +ho

wirigs wers folded. An additionsl 6° up-alleron defloction could be
obtained by meximumm stick movement toward the folded wing.

A Tront-view drawing showing the principal dimensions and wing
arcas for the airvlenc is given iIn figurs 1. FPhotographs of the
airplane mounted on the simlated cerrilsr dsck in the Langley full-
scale tunnel (refersnce 1) ars given in figures 2 and 3.

Original Servics Hydraulic Systom

0i1 presesure to operate the wing-folding mechenism is supplied
by a Pesco Modsl 583 DA hydraulic pump. This pump is & gear-type
pressure-loaded engine-driven pump having a displacement
of 0.555 cubic¢ inch per revolution, a volumetric efficiency of
96 percsnt, end & maximm continuous operabting pressurs of
1500 pounds per square inch. It produces e maximm flow of
8.65 gallons per minute &t a maximum operating speed of 3750 rpm.

A schematic ‘disgrem showlng the complete path of oil flow for
the airplane hydraulic system is presented in figure 4. A general
view showing in part the original service Installetlon of the
hydraulic system ls shown in figure 5. A description of the original
system follows:

First, it should be noted that the oll fram the supply tapk ls
circulated through the entire hydraulic sysbem by the above-mentimmsd
puip. In addition to operating the wing-folding unit, this sams oil
is used to actuabte all of the alirplane's hydrautic egulpment. The
oil, after circulating through the pump, first flowe through & filtr
end. then directly into an adjusteble pressure regulator. This
regulator controls the pressure range of the oil in the wing-operating
lines. The originel service setting of the regulator limits the
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oll pressurs between cut-in and cut-out values of 900':80 pounds ¢
per sguare inch and l:\.OO"'go pounds per square inch, respectively.

0il leaving the regulator flows into sn accummliator where the
Pressure energy now present In tho system is stored. The accumulstor
g n soalsd gphorical tank under a proleoasd air prossurse of

-‘tOfJ"_“go pounds por aquere Inch. The oil thon paesses through an

ed justeble pressure-rclief valve. The service seotting of this valve
is 1250 pounds per equare inch cracking pressure. If, for any
ri.ason, the oll pressure in the systeom exceeded the setting of the
ralief valve, the valve would by-pass enough of the oil to the
regarvolr to enable the system to return to the preset pressure

of the relief velve. At this point in the oll system, the pressurs
hes been properly regu.’l.ated. end the oll enters the wing-operating
selector valve located in the cockpit. For the folding operation,
the selector valve is placed in the fold position, The oil then
passes into the wing-pulling cylindew (installation of this cylinder
on the airpleme is shown in fig, 6(s)}). This cylinder, as sketched
below, is used to lock and unleck the outer wing penel in the
sprea.d. position, end salso to control the flow of oll to the folding
port of the wing-operating cylinder.

From sequence valve

|
L/l/-Pin retracted
(\ ! Y
1 4 ]
s SR
S "o gy~ Pin extended
!

!

To wing operating 1 ¢
cylinder a0
©

@
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From wing selector valve
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Tor a folding operation, oil flows into port A eand acts to
retract the locking pin and wnlock the outer wing panel; only after
the pin is retracted is oil allowed to flow from port B through
2 now-open tassage into port C and into the folding port of the
winz-ope¥iting cylinder. This cylindesr is mounted in the outer
wing pansl and, In combination with the mechanical linkage, produces
the mcans for foldlng and spreading the wings. -The cylinder
incorporates . two ports (folding and spreading), and is equipped ,
with a 3%—inch-diameter double acting piston, and has a displacemsnt -

fram spread to fold of 141.20 cubic inchsand from fold to spread of
122.9 cubic inchs. The difference in displacement is due to a

1% inch piston rod subiracting from the working erea of the plston

Tor the spreading operation. Wing movement ls accomplished by
transferring the oil pressure acting on the pilston into & force in
the folding strut. This strut (filgs. 6 and 7) is a movable link
hetween the stationary wing cenber-section horn and the track in
the outer wing pamel. 01l forced fram the wing-opsrating cylinder
during the folding oporation is refturned to the hydraulic reservoir,

For the spreading overation the flow of oil reverses. The
wing-operating selector valve is placed in the spread position and
the oil enters a fized rsstrictor that restricts both the Tflow of
0il from the wing-operating cylinder during a folding operation,
end the flow inte the cylinder during spreading. From the
restrictor the oil enters the spreading port of the wing-operating
cylinder and, In a manner similar o folding, moves the wilngs into
the spread position. The spreading operation differs from the
folding in that as the wing assumss the spread position, a gequence
valve, shown in figure 6(a), is set into operation and allows the
oll 'bo enter port D of the pin-pulling cylinder forcing the
locking pin into its extended position. The wing is thus locked
and the operation is complested. The sequence valve preventis the
wing-hinge pin from extending until the wing has completely sprsad.
As before in the case of the folding operation, the oil forced
from the wing-operating cylinder during wing movement is returned
to the hydraulic ressrvoir.

Modified Hydreulic System

The modified hydreulic system, also shown in figure L, embodles
e method of Improving the wing-spreading operation by increasing
the pressure in only the wing-spread lines. This avolds ths - -
possibility of excessive leakage that might result from a pressure
increase in the over all sysim.

S——
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The oil for a spreading operation follows the same path as for
the original system with the exception of by-pessing the esrvice
regulator, the accumulator, and the relief valve. In by-passing
the original regulator, the pregsure in the spreading lines is
controlled solely by a new rellef velve set at 1500 pounds per
equere inch (optional 1800 pounds per sguere inch) cracking prossure.
This boost oil flows through an additional four-way seloctor valve
mounted in the cockplt. The valve has a spring-loaded handle
which vhen released automatically returns the hydraullc system
back to the originsl service condition. By placing the vaive In
the boost position high-pressure oll is available Tor spreading
ths wings. Operatlon of this valve is required only until the
wings hoeve extended past vertical; then it may be released and the
system regtored to normel.

Further modification was accompllished by replacing the fixed
rogtrictor in the wing-spread line with a one-way restrictor
s#llowing free flow lnto the spreading port of the wing-operating
cylinder and restricting the return flow during folding. This
modification made available more pressure in the wing-operating
cylinder during spreading but still maintained the precauticnary
actlon of prevenbting demage to the wing tips due to overriding of
the end of the folding procedure.

Imstrumentation

The instrumentetion for the tests of the ariginal ajrplane
included poesition indicators and strain gages for each wing end a
hydraulic pressure gage raralloling the airplaene hydraulic pressure
indicator. Simultaneous records of the wing positions eand prossures
wore obtained by a flight observer-type camera. Records of the
strut loadings as determined from the strain gages were obtalned by
a racording galvencmeter. The strain gage insStallation is shown in
figures 6 and 7. Typical test records of the load variations in
the wing-folding struts dre shown in figure 8. The actual values
accampanying these records are presented in figure 9. An inasten-
tansous record of the hydraulic pressure, the wing posliticn, and the
load in the wing-folding struts, was obtained by synchronlzing the
operatlon of the flight cameras and ths record_mg galvanometer by
an electric timer.

An auxiliary velve was installed in the main pressure line in
tho cockpit forwerd of the wing-operating seloctor valve. With
this inetallation it was possible to regulete tho wing movement and
thue insure accurate msasurement of the wing-operating cylinder
prossures, for the correlation tests.
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Ho auxiliary instrumentation was required for the tests of the
modified aix ylane, inasmuch as these tests were concermned only with
dgbermining Iimiting airspeeds and time requirements.

PROCEDURES AND TESTS.

All the tosts were made with the airplane mounted in a thiree-~
point attitude on a simulated carrier deck constructed flush with
the lower lip of the tunnel entrance cone. The teats closely
duplicated carrier operation; since undsr actual conditions the
wind past the wing 18 a combination of the propeller slipstream
and the carrierls speed into the wind.

In order to determine the wing-spreed refusal voint, the
following method for addlitional boost was performed. Flrst, the
control stick wag moved toward the Inoperative wing In order %o
raise the aileron on that side and thus, perhaps, provide the
actuating force necessery to begin the spreading operation. If
this failled to provide the additional boost, then the second
procedure was to operate some part of the hydraulic syatem, such
as the cowl flaps, to reduce system pressure below the cut-in
(lower) setting of the regulator and to force it to operate at the
higher 1imit of its setting.

The operating time for any specifis wing operation is
defined as the ilntervel between the operation of the cockpit
control and the completlon of either the locking or folding of both
wings. The simultaneous variations in the bkydrasulic pressure, wing
position, and the load in the wing-folding struts were obtained at
half-second time Intervals for the complete wing opsration.

Tests of the Originsl Airplane

Tests to.determine the limiting airspeeds and the time
intervels required for wing operation were madse over a yaw range of
fram -45% to 30° with hydraulic regulator setiings of 1100 (service
setting), 1350, and 1450 pounds per square inch., An engine speed
of 1000 rpm and & main pressure-rolief valve setting of 1500 pounds
Psr square inch was maintalned for all teste. Tests were also mads
to determine the effect of modifled aileron linkages on limiting
girspesd for wing reofusal.  Conventional service operation prevailed
for all of these tests. The limiting alrspeed was 50 knots; there-
fore, refusal condlitions a&nd time requirements for airspeeds
exceeding 50 knots were undstermined.

J——
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Data for the correlation tests to determine the relation
betweon hydraulic preasure and wing-folding strut loading were
vbtained for the same operating condltions as described for the
vbove-mentioned tests. For this latber series of tests, however,
the wings were moved ag slowly as poselble in order to prevent a

prosgure loss in hydra.ulic lines from giving an incorrect prescurs
ragording.

Teosts were also pexfonned to determine if sufficlent hydraulic
wresgure wes avalleble to pull the wing-locking pins at slrspeeds
of &t least 50 knots with the alrplene abt 0° yaw and with all
vimiunition and rockets removed from the wing.

Tests of Modified Airplane

These tests wore conducted to determine the improvement
resulting from modifying the hydranlic system. Tests wore made
&t 09, -30°, and -40C yaw position for airspeeds renging from en
alrspeed below where opsration was assured (by provious teste on tho
original airplane} to the higher refusal limit. The tests were
limited to a maximm alrspeed of 7O knote. Engine speeda of both
1000 and 1500 rpm and special regulator by-pass pressures of 1500
and 1800 pounds per sguere inch were tested for each yaw and ailrspeecd.

RESULTS AND DISCUSSIORN

The data are prasented in graphical form by composite plots
showing the variatione of hydraunlic pressure and wing-folding strut
loads with chenging angle of wing rotatlon for a range-of-yaw
roglitlone and test airepeeds. The time intervals required for wing
cpuration, and the airspeeds at which wing-spread refusal occurred
are prcaented. in t&bular form for the ariginal and the modified
alrplanes. -

Inssmuch ag data wore not obtalned for all combinations of
rogular setbings and types of linkages at all the yaw positions
tostad, there are some varlations of test conditions given in the
correlation plots. - Any such varietion of test comditione would have
no material effect upon the correlation results presented herein.

The tesat results and enslysls of the data are divided into
two soctions. The first sectlon, entitled "Wing-Oporeting Charactar-
istics" gives results showing the airspeeds and yaw angles critical
for wing operation, and.the i'.ime interva:l.s required for wing
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psrformance st alrspeeds up to the wing refusal pointas. The sscond
section, "Correlation Results," presents a corrslation betwsen the

hydraulic pressure and the loads in the wing-folding struts over
the corplete operating range of both wings.

Wing-Operating Characteristics

Limiting alrspeeds.- The most critical condition for wing

operation would concelvably occur when attempting to spread the
rpstreenm wing with the airplane at 90° yaw., The critical cendition
aboard an aircreft carrier from the standpoint of space-saving and
safety, howsver, would be in the vicinity of a th5° angle of ysw.

The date given in teble I(A) for the originel airplane show
that wing-spread operetion at airspeeds of 50+ knobs was obtained
et yaw positions up to and inciuding +10° yaw for the three
regulator settings ftested and for both eilleron linkage installations,
At -300 end 459 yaw, wing-refusal operation with pressure-regulator
setting of 1450 pounds per square inch occurred at 40.5 knots and
45.0 kmots, respectively. It can be concluded that for the yaw
range coversd In these tests, the 30° yaw position was the most
savere condition when considering limiting airspesds for wing-
gspread operation.

In general, the installation of the modified aileron linkages
was ‘beneficlal for increasing the limits for wing-spread refusal.
The greatest gain obtained was a 10-lmot Increase in alrepesd at
the -30° yaw.

The results of the modified airplans y Incorporating the
special’ regula.tor by-pasgs system, as presented in teble I(B) show
that at Q° engle of yaw, wing operation was obtsined al an alrspeued
of 70 knots fora boost praessure of 1800 pounds per squars inch.

At the -30° yaw pésition, an jncrsase in boost pressure from 1500
to 1800 pounds per squere irch increased the limiting airspeed. f‘rom
L9 to Sk kmots. These seme limita :were cbiained for the. -40°

angle of yaw, Increesing the engine speed from 1000 to. 1500 rpm
and, consequsntly, Increasing the oil’flow produced no change: in
the wing-spresd refusal points over the yaw range testoed. :

Time reoquiremsnts,- The time intervals required for the

original alrplans at each angle of yaw for the maximm airspeeds at
which wing opsration was obtained are presented in teble II(A).

In general, conventlonal wing operation (sprsad and fold) was
performed for all test configurations in approximately 30 seconds
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or less. Tho operating time necessarlily increased whenever the aid
of the cockplt operational procedures was required; in teble II(A)
Tor the yaw vositions of 15° and 20°, wing-spread opsration required
additional aid and was psrfoxmed. in 52 5 and 66.0 seconds,
respectively. Datz for the 0° yaw show that an increase in pressure
or alrspesd hed very little effect upon operating time.

The results of the tests on the modified airplane are given in
table IT(B)}. Inaemuch as the boost pressure produced with the
modified system ls not available for the folding operation, the
Taevilts show only the effect of the modified system upon wing-spreal
time,

The spreading time averaged approximately 20 seconda, and was
1ot eppreciably changed over the range of alrspeeds snd angles of
vaw tested. A complete comparison cammot be made of the time
required for wing operation of the modified and original alrplanes,
becsuse the resulbs for the modified airplane are for the most part
st alrspeeds surpassing those possible wilth the originsl installation.
Ths results in general show that the spreadling opsration was
performed in less tims at the higher sirspecds with the 1800 pounds
per square Inch pressure than was possible at the lower airspeeds
with the 110Q pounds per square Inch pressure,

Increasing the engine speed from 1000 to 1500 rpm consequently
Increases the oil flow in the hydraulic system and alsc the aslip-
stream velocity. This incroass. in engine spead decreased the
folding time in soms cases by as much as 15 seconds and the
cpreading time by @s much as from 3 to 6 seconds.

For wing-folding, the wings do not enter the region of
propeller glipstresm wmtil they heve moved beyond the vertical;
therefora, any increase in propeller slipstream veldcity appears to
have veory little offcct on the folding time in relation’ to the
benefite obta.ined. from the greater oll fliow.

For the spreading operation, however, the wing in the full-
folded position aeppears to be located in thae .region of the flow fram
the propeller. This flow over the wing evidently produces & 1ift
corponent inward in the direction of the fuseclage. Any incroase in
engine speed, therefore, would produce an incroesed force opposing
the outward movement of the wing, To overcame this adverse effect
at the atart of the wing-spread maneuver, a successful technique
was employed whereby the engine was first idled wntil the wing
moved beyond verticel and then the speed was increased For the
remainder of the operation.
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Wing-locking effectivencgs.- Visual observaitlon of the wing-
locking operation showed that there was sufficlent hydraunlic
pregsure avallsble with service regulator settling of 1100 pounds
per squarce inch to pull the wing-locking pins at an alrspeed of at
lcast 50 knots with the airplane at 0° yaw and all ammmition and
rockets removed from the wing. Furthermore, no difficulty was
encountered with the wing-locking operation for the entire yaw
range and airgpeoeds tested.

Correlation Results

Static variation of loed in wlng-folding etrut with wing positlon.-
& fundamental explanation of load variation in the wing-actuating
gtrut with changing wing positiop under etatic conditions 1s given
in the following parasgraphs. (The actual mechanics involved in
schieving wing movement have been explained previously in the
description of the originsl hydraulic system.)

At the start of a folding operation, the action of the oil
ageinst the outward face of the operating piston produces a
compression load in the wing-folding strut. The load remains a
compression value until the wing folds beyond vertical whereupon it
reverses to & tension valune, This load ococurs since the oil in the
operating cylinder for wing movement from vertical to full-folded
position is acting to retard the free fall of the wing In the
direction of the fuasslage.

Actual valuss of the static loadings present in the folding
struts have been celculated from the weight data provided by
Chance-Vought Adrcraft.

These d.a'ba. ere presentsd in the following teble:

Outer Wing Panel Welght and Cenmter of Gravity Locations .

B e }

A - = --.-- T - . )
1 Weight cond.itioﬁs : ’ .Welight Hocrizon’ba.l Arm from Horizontal arm
b () . lene . |[from wing hinge .
I L i o (inl? " (in.)
{1y Panel 3 gumse 7.0 I26.5 ) - 35.%
|(2) Condition (1) N ce L -
. 1200 rounds © 1135, 8 ' 130. 8 . ll»2 T
: semmunition . ¢ : ;

Note: Vertical arms for conditions (l) and. (2) are on rib
chord line, approximately 6 inchs below upper wlng
surfeace.

- oSN
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In order to determine the static loading in the folding strut
it wos necersary to sscertaln the effective lever arm of the wing-
folding strut. The varlation of effective arm with wing position
was supplled by Chance-Vought Aircraft and is presented with a
gschematic dlagram in figure 10. The kmown outer-panel weight
nomant as determinsed from the information In the abovu table was
divided by this effective arm and the resulting loadings for the
renge in wing posiltlons are plotted in figure 11. The most severs
static loadings are shown to occur during the wing-folding
operation, since the static loads for the sbtart of folding are
neexly three times as great as those present for the start of the
gpreeding opersation.

Pregeure evelnstlon for wing-spread operation.- Under conditions
of cerrier operation, however, the most severe loading condifion in
the actuating strut will occur for the spreading of the upstresm
wing bocause of the addition to the static loads of the alr loeds
¢ns to alrspeed snd yaw. A three-dimeneional variation of average
load in the actusting strut of the folded upetresam wing with angle
of yaw and alrspeed is shown im figure 12, This figure wes
constructed from & standard two-dimensional plot of average loods
in the actuating strut (wing folded) against angle of yaw for the
range of airspeeds tested. Data used in this construction was
cbtained from test results of the original ajirplane. The veluos
presented in figure 12 represent an average of the loada present
throughout the entire time intervel while the upstream wing ramained
in the folded position and do not necessarily agree exactly with
the instantenecus velues presented for the same wing position in
the correlation (figs. 13 through 21).

The approxlmate pressure reguired for performing a spresding
operation uwp to and beyond the refusal limita determined from the
tosts of the originasl airplense may be computed from the values of
the loade given in figure 12. This spproximation requires a
Inowledge of only the angular relationshilp betweoen the actusting
strut and the piston rod (wing folded), snd the erea of the
operating pilston. All rockels are removed fram the upstream wing
snd pressure values are those pressnt in the operating cylinder
and do not include line pressure loss, The effective hydraulic
cylinder piston ares is 6.67 square inches and the angle between
the actuating strut and piston rod extended (wing folded) is
approximately 37°.

1t has been found that wing-spread operation was uncbtalinsble
with the original airplene at 30° angle of yaw &nd en airspeed of
50 kmots. Figure 12 shows that for these conditions an estimated
load of 1k,500 pounds would be present in ‘the actuating strut.

STessn



NACA.RM No. L6H26 e 13

The cylinier hydraulic pressure required to overcoms this loading
is computed Lo be

lh ,500 (cos 37°) _
6.67

= 1740 psi

This value shows goodi agreement with the limiting alrspeeds for the

modified alrplane where wing-spread refusal at similaer yaw occurred

2% 49 knots with a pressure of 1500 pounds psr square inch and ot

5k Imots with 1800 pounds per sguere inch, indicating that opsration
at 50 knots would require a pressure somewhera between the above

two values.

Effeoet o of yew and alrspeed on pressure-loed variation with wing

position - Conrposite plots showing the actusl veriation of hydraulic
pregsurs and load in the wing-folding struts with wing positlion for
the folding and spreading operation are presented in figures 13
through 21.

In general, from the standpoint of critical alrspeeds, the
pressure-loed data for folding asrs not of great Importence since
wing-refusal operation occurred only whan e.'btempting to spread the
wings. . .

The discussion of ths pressure-loa.d. trends can be conveniently
clagsiflied under the following groups: -

(1) Folding the upstream wing
(2) Folding the downstresm wing
(3) Bpreading the upstream wing
(4) Spreading the downstreem wing
(1) The at stroam aids the folding opsration of the upstream
wing, causing it to fold first. TFor &ll yaw positions testsd,
meximum pressurs occurrsd et the beginning of the operation and
decreased rapidly with upward wing movemsnt as more of the wing's
surfece was expossd to the 1lifting actlion of the airstream. This
actlon was more pronounced at the higher yaw angles.
The loads at the start of the operation showed & trend toward

low=r compression values with Increase In slrspeed; however,
considerable increase In tension load values occurred as & result

SO
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of the greater reterding action required in stopping the wings.
Figures 14(a), 15(a), and 18(a) show examples at high airspeods
whore the loauds were entlrely temsion values, indicating that wing
movenent wes accoamplished wilthout the aid of oil pressure.

(2) In genorel, with airplene yawed, the air stream retards
the folding operation of the downstream wing. A comparison of the
prageure results at variable airspeceds with those at zero ailrspeed
shows thet, with the excepitlon of zero yaw, the folding operetlion
required less pressure at higher airspseds until ths wing reachked
s certain position. This reduction of preassure resulted from moro
favorable aerodynamic loading with increaso in ailrspeed; but, for
wing movemcnt beyond the above mentioned point, the asrodynamic
loading reversed and caused & pressure incrsase over that regquired
for static operation. This aerodynemic characteristlc likswise
appesred in the lced results of the wing-actuating strul.

Figire 13(a) shows that, for 30° yaw, this reversal of asrodynemic

loading occurred when the wing reached a poeltion approximately 40O°
from the horizontel. Tho reveresal appeared at lower wing positions
Tor the highor yew angles. As yaw decreased, the wing appearsd to

retain its 1ifting power for successively higher wing pesitions;

at 0° yaw, the wind apparently aided the entire folding operation.

(3) The effect of wind on tho epreading of the upstreem wing
has proviously been shown in figure 12, where the load necessary %o
gtart wing spread increcased rapidly with Increase in ailrspoed and
yaw angls. Maximm pressure for all yaw positlons was reguired to
start wing spread cnd successively greater starting pressures were
required as airspeed increased. Wing operatlon, after the wing
moved beyond vertical, wae ajded by the downwerd wsight-momont of
the wing end, consequently, required less pressures. Figuree 14{Db)
and 15(b) show resulte whore wing operation required the action of
the préssurs regulator. The pressure and losd velues given In sll
capes for refusal operaticn were the maximum velues obtained in
attempting to spread the wing.

(4) The spreading of the downstream wing with the exception of
the 00 yaw position was performed almost entirely by the action of
the wind. At 0° yaw (fig. 17{b)) the epreeding operation required
the lowest pressure values f'or zeroc alrspeed; as airspeed was
increased, the pressure llkewlse increased in order to overccme
the upward 11ft components preaent in the wing during the entire
spreading operatlon.
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CONCLUDING REMARKS

Additional methods believed possible for improving wing
spreading ars presented as follows:

(a) Mechanically or hydraulically prevent the wings from
folding boyond vertical, except by & spsclal releage mechanism %o
be used when & full-folded condition would be advantageous., In
spreading the wings from the vertical, the strut leoading wonld be
graatly decreassd; the magnltude would depend upon the yaw and
airspeed under which the wing operation would be performed.

(v) Increase the mechanical advantage of the wing spread
linkage.

(c) Increase the dismeter of the actuating cylinder and
strengthen the actuating mechanism.

STMMARY OF RESULTS

Deta are presented of tests made In the lLangley full-scale
turmel on the Chance-Vought FUU-1D airplane to investigate its
wing-operating characteristics. -Although these date pertain
perticularly to this alrplene, the trends and limits are believed
to be applicable to other aircra.ft having somewhat gimiler folding
characteristics.

The results of the tests may be swmmarized es follows:

1. Wing-spread operation under original service conditlons
was obtained at airspeeds of 50+ knots for yaw positlons up to snd
including t10° yaw, The 30° yaw position wee the most severs
condition when comsidering limiting airspeeds. Increasing the
bydraulic pressure to 1800 pounds per sguare inch, as waes the case
with +ha modified airplane, permitied wing operation at 7o+ Imots
for 0° yaw and Increased t.he limiting airspeed to 54 knots with
alrplane yawed -40°. The wing-folding characteristics wers
gatisfactory for all condltione tested.

2. Increase in propcller slipstream had 1ittle effect on
the folding time in relation to the beneflits obtalned from the
resulting greater oll flow. The spreading operation, however, was
importently influenced by Increase in propeller slipstream. It
wag determined that, for increased engine speed to prove effective
in docreasing spreading time, the engine should first be idled until
the wing movee beyond verticel and then incressed for ths remaindsr
of ths operation.
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3. In general, the installation of the modified aileron
linkezes was benefliciel for increasing the limites for wing-spr. ad
rziusael. The greatest galn obtained was a 10-knot increase In
sireposd at che ~30° yaw,.

4, The action of the wing pin-pulling cylinder provided
smiccassful wing-locking and wing-unlocking opsratlon over the entirs
voaw range and airspecds tested. :

5. The method formulated for exaluation of tho preesurs

roguired vwp to and beyond wing-spread-refusel conditions showed
good agreemont with actuel test values.

6. Fclding.- In general, the relative wind with airplane
yawed aided the folding of the upstreem wing snd retarded the
folding of the downatream wing. Definite adverse asrodynamic
cheractoristice occurred in folding the downstream wing. A% 0°
yaw, the alrflow aldsd the cutirs folding opsration as the 1lifting
forces were always in the deslred dlrectlon of wing movemsnt.

..agr_q_q.gi}}_g.- The sproading of the downstresam wing with the
exception of the 0° yew position was performed almost entiraly by
the asctlon of the tunnel airflow. The adverse wind effect on the
spreading of the upstream wing incresased repldly with increasc in
airspoed and yaw angle. Maximum pressurs requirvment occurs in
attempting to spread the upstroam wing. At 0° yaw, the tumnel
air f'low retarded the sproading of bhoth wings.

La.nglej Memorial Aeronautic_a.l Laboratory
Fational Advisory Cammittee for Asromsutics

Langlsy Fleld, Vs,
. VR ¢ .
William K. Prince :
Mechanical Engineex

Anproved: .

(oot ﬂ)r // Al T ?‘/‘?
Clinton H. Dearborn
Chiof of _Full-Scole Research D.ivj_.sion

dvr

1. DeFrence, Smith J.: The N.A.C.A. Full-Scale Wind Tunnel.
NACA Rep. No. 459, 1933.
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TABLE I

LIMITING ATIRSPEEDS FOR WING-SEREAD

OPERATION OF THE FhU-1D ATRPLANE

(A) Originel Airplane

'Full emmunition load in both wings, rockets installed only on
- downshtream wing, rockets off at 0° yaw, main relief valve
sct &t 1500 pounds per squars inch |

'%;%itgi JEW, Regulatcrl Tngine |Limiting indicated airspeed, lmots
gose r?.éht). pressure. t speed aileron linkage

b " (deg) . ] (®ei) i (rpm) | Originel Modified

1 8. | _

1 -b5 1100 1000 (a) (a)
1350 4o.5 45.0
450 k5.0 45.0

-30 1100 1000 {a) (a)
1350 %0.5 50.0
1450 40.5 50.0
-20 1100 1000 (2) ()

; 1320 45.0 (a)

{ 1450 45,0 (a)

; -10 1100 {1000 50 50+

| 1350 20 20+

| 150 50 50+

{ 0 1100  |1000 50 50+

: 1350 50 50+

: 1450 50 50+

: 10 1100 11000 50 50+

' 1350 50 50+

i 1450 50 50+

i 15 1100 {1000 4o.5 (a)

l 1350 50.0 20+

! 1450 50.0 50+

g 20 1100|1000 35.6 40.5

i 1350 415.0 k5.0

! 1450 50.0 50.0

| 30 1100 1000 35.6 (a)

; 1350 40.5 (a)

[ 1450 40.5 (a) N

(a) Data wers not obtained for this condition.

NATIONAL ADVISORY
COMMITTEL FOR AFRONAUTICS
R,
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TABLE I
IIMITING ATRSPEYDS - Concluded
(B} Modified Airplans

‘Full smmunition load in both wings, rockets off, original aileron

linkeges |

‘ingie of  |Wing-spread regulstor, Timiting indicated

i ]
¢ yeaw by-pass pressure. Engine cpeed | airspecd
| laeg) (psi) | Gpm) (mots)
! ' f
| 0 1500 1000 57+
é 1500 1500 57+
i 1800 1000 70+
{ 1800 1500 70+
[
[ -30 1500 1000 49.0
| 1500 1500 k9.0
] 1800 1000 5k.0
, -0 1500 1000 %9.0
: 1800 1000 5.0
l 1800 1500 54.0

NATTONAL ALDVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IT
TIME REQUIRED FOR WING OPERATION
OF THE FiU-1D ATRPLANE
(A) Original Airplane
{Full emmnition load in both wings, rockets installed only on

- downstream wing, rockets off at 0° yaw, main relief valve,
1500 pounds per sguere inch |

. Angle of ;Regulator Engine | [Rdicated Wing-operating tims i
yaw pressure (zgm) alrspeed. (sec) L
(deg) {psi) P (knots) Fold Spread
-5 1450 1000 kg.5 33.5 27.5
=30 1450 1000 35.6 29.5 2k.0
-20 1450 1000 k0.5 28.0 25.5
-10 1450 1000 50.0 25.5 23.0
0 1100 1000 45,0 20.5 20.5
1100 1000 50.0 20,0 21.5
1350 1000 h5.0 20.5 20.0
1350 1000 50.0 21.0 20.0
1450 1000 45,0 15.0 18.5
0 1450 1000 50.0 21.0 19.0
; 10 1450 1000 50.0 25.5 25.5 i
Co15 1450 1000 50.0 27.5 52.5
o 1450: 1000 k5.0 26.0 66.0
30 1450 1000 ; 35.6 27.0 2l .0 |

NATTONAL ADVISORY
COMMITTEE FOR AERRONAUTICS
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TABLIE IT
TIME REQUIRED FOR WING-OPERATION - Concluded

(B) Modified Airplsne

LFull ammnition load in both win,gs rockets o:E'f original aileron
Winkage

:Angj_e of | Wing-spread | Tndicated Wing-operating tirs ,
| yaw, regulator | Engine speed, | airspeed, (sec) ;
. (aeg) . | by-pass (rpm) (¥nots) | |
! pressure Fold Streed |
g 0 .{ 1500 1000 54 .0 21.5 21.0
g 1500 54%.0 15.5 16.0
t i 1000 "~ 57.0 21.0 £1.0
i L 1500: 1500 57.0 15.5 17.5
[ | 1800 1000 61.0 ---- 1 23.0
|~ 1500 61.0 15.0 15.0
[ v 1000 63.0 20.0 22.5
i ' 1500 63.0 15.0 15.0
| 1000 66.0 19.0 22.0
' 1500 66.0 1ih.5 k.5
f l 1000 70.0 ———— 22.0
e i 1800 1500 70.0 15.0 15.5
P30 b 1500 _ 1000 39.0 32.0 21.5
' i 1500 1500 39.0 22.5 15.0
X ¢ 1800 1000 43.0 3.0 | 18.0 |}
! 1500 43.0 2.0 ! 15.0 |
i 1000 49.0 33.5 21.0 !
| _ 1500 43.0 2h.0 17.0
i ! : 1000 51.0 33.0 23.0
i =30 l 1800 1500 51.0 24,0 2k.0
-ko ;1800 1000 kg0 38.0 20.0
: 1500 49.0 30.0 15.0
’ . 1000 51.0 k5.0 20.0
i -ho 1800 1500 51.0 30.0 16.0
Bet e amemme PSS I - - ——aed

Note: Boost pressure available only for spreading.

NATTONAL ADVISORY
COMMITTEL FOR AERONAUTICS
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FIGURE LEGENDS

Figure 1.- Front-view drawing of F4U-1D airplense.

Figure 2.- The FiU-1D eirplane at 0° yaw in the Langley full-scale
tunnel. .

() Front view.
Figure 2.~ Concluded.

(v) side view.
Figure 3.- The FhU-1D airﬁlane at -43° yaw.

() Top view, wings shown in spread position.
Figure 3.~ Concluded.

(b} Top view, wings shown in folded position..

Pigure 4.- Schematic diagram of original and modified hydraulic
system - FLU-1D asirplane.

Figure 5.- General view shorﬁing in part the servicé 'ins'talla.tion
of the FUU-1D airplane hydraulic system dirsctly aft of the
engine .

Figure 6.~ Wing-operating mechanism of the 'FhU-ILD a.ir_*éla.ne ; wing
in the folded position.

Figure 7.~ Detail view of ‘c.he wing-fold.ing strut with strain gage
installed. FLU-1D airplane.

Figure 8.- Typical test records of the load variations in the
wing-folding struts - FLU-1D airplane.

Figure 9.- Actual values showing botih the load variations in the
wing-folding struts for the typical test records presented in
figure 8 and also the veriation of the hydraulic pressurs end
wing position with time for the mame test conditions.

F4U-1D airplane.

(a) Typical folding operation (Test record 1): 20° yaw,

33 knots, 1100 psi regulator setting, rockets on downstream
wing only, full ammunition load, original aileron linkages.
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FIGURE LEGENDS - Continued
Figure 9.- Contimwd.
{(v) Typical spread.:lng opera.tion (Test record. 2) 20°ya.w,
33 knots, 1100 psi regulator setting, rockets on downstream
wing only, full emmunition load, original aileron linkages.
Figure Q.- Continued. _
(c) Typical spreading operation (Test record 3): 20° yaw,
35.6 knots, 1100 pai regulator setting, rockets on downstream
wing only, full ammunition load, original alleron linkages.
Figure 9.~ Continued.
() Typical folding operation (Test record k): 0°. yaw,

45 knots, 1450 psi regulator setting, rockets removed, full
aemmunition load, modified alleron linkages.

Figure 9.- Concluded.
(e} Typical spreading operation (Test record 5): 0° yaw,
45 knots, 1450 psi regulator setting, rockets removed, full
smmunition load, modified aileron linkages.

Figure 10.=- Variation of effective arm with wing position
FLU-1D airplene.

Figure 11.- Variation of approximate static load 1n wing-folding
strut with wing position. F4U-1D airplane.

Figure 12.- Variation with angle of yew and sairapeed of the
average load in the folding strut of the upstream wing at the
start of the epreading operation. FLU-1D airplens.

Plguts 13.- Variation of hydrsulic pressure and loed In the wing-
folding struts with wihg position for 309 yaw; 1450 poi regulator
setting, origimal aileron linkages, rocketa on downstream wing
only, full emmunition load. F4U-1D alrplans.-

(a) Folding operation.

Figure 13.- Concluded.

(b) Spreading operatiocn.



NACA RM No. L6HR6 Selmensunny? 3

FIGURE LEGENDS - Continued

Figure lk.- Variation of hydreullc gressure and load in the wing-
folding struts with wing position for 20° yaw; 1450 psi regulator
setting, modified aileron linkages, rocketa on downstream wing
only, full ammunition load. F4U-1D airplans.

(2) Folding operation.

Figure 1k.- Concluded.

(v) Spreading operation.

Figure 15.- Variation of hydreulic pressure and load in the wing-
folding struts with wing position for 15° yaw; 1h50 psi regulator
setting, modified aileron linkeges, rockets on dcwnsiream wing
only, full ammunition leoad. FrU-1D alrplane.

(a) Folding operation.

Figure 15.- Concluded.

(v) Spreading operation.

Pigure 16.- Variation of hydraulic pressure and load in the wing-
folding struts with wing position for 10° yaw; 1350 psi regulator
setting, modified aileron linkages, rockets on downstream wing
only, full ammunition lcad. FiU-1D airplens.

(a) Folding operation.

Figure 16.- Concluded.

(b) Spreading operation.

Figure 17.- Variation of hydraullc pressure and load in the wing-
folding strute with wing positlon for 0° yaw; 1h50 psi regulator
setting, modified allerom linkages, rockeis removed, full
ammunition load. FUU-1D airplane.

‘(2) Folding operation.

Figure 17.~ Concluded.

(v) Spreading operation.
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FIGIRE LEGENDS - Concluded

Figure 18.- Variation of hydraulic pressure and load in the wing-
folding struts with wing position for -10° yaw; 1350 psi
regulator setting, modified alleron linkages, rockets on
downatream wing only, full ammunition loed. FLU-1D airplane.

(a) Folding operation.

Figure 18.- Concluded.

(v) Spreading operation.

Pigure 19.- Variation of hydraulic pressure and load in the wing-
folding struts with wing position for -20° yaw; 1350 psl regulator
setting, original aileron linkages, rockets on downstream wing
only, full emmunition load. FUU~1D airplanse.

(a) Folding operation.

Figure 19.- Concluded.

(v) Spreading operation.

Figure 20.- Varlation of hydraulic pressure and load in the wing-
folding struts with wing position for -30° yew; 1350 psi regulator
setting, original aileron linkeges, rockets on downstream wing
only, full emmunition load. FLU-1D eirplane.

(a) Folding operation.

Figure 20.- Concludsd.

(b) Spreading operation.

Figure 21.~ Variation of hydraulic preasuré and load in the wing-
folding struts with wing position for -45° yaw; 1350 pei regulator
setting, original aileron linlages, rockets on downstream wing
only, full ammunition load. FUU-1D airplans.

(a) Folding operation.

Figure 21.-~ Concluded.

(v} Spreading operation. -
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{a} Rront view.

Flgure 2.~ The F4U—1D airplane at 0° yaw in the Langley full-scale tunnel.
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{b) Slde view,

Figure 2,- Concluded.
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(a) Top view, wings shown in spread position.

Figure 8.~ The FAU-1D airplane at -45° yaw.

NATROMAL ADVISORY COMMITTEE FOR ALROKAUTICY
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(b) Top view, wings shown in folded position.

Figure 3,- Concluded,
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A Hydraulic Ifeservoir
B Accumulator
C Regulator

D Filter

Figure 5.- General view showing in part the service installation of the
F4U-1D airplane hydraulic system direci_:ly aft of the engine.

NATIONAL AOVISQRY COMMITTEE FOR AERCNAUTICS
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(a) View showing folding strut and strain (b) View showing folding strut and track
gage installation A , pin-pulling installation in the outer wing panel D .
cylinder B , sequencevalve C ,

Figure 6,- Wing-operating mechanism of the F4U-1D airplane; wing
in the folded position,
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Figure 7.~ Detail view of the wing-folding strut with strain gage installed,
FAI=1D airplane,
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Figure 8.- Typical Test records of the load variations in the wing -
fa/d/'ng struls. - F4U-1D airplans NATIONAL ABVISORY
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(a) Tygical folding operation (Test record 1):
20~ yaw, 33 knots, 1100 psi regulator setting,
rockets on downstream wing only, full
ammunition load, original aileron linkages.

Figure 9.- Actual values showing both the load variations in the wing-
folding struts for the typical test records presented in figure 8, and
also the variation of the hydraulic pressure and wing position with
time for the same test conditions. F4U-1D airplane.
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(b) Typical spreading operation (Test record 2):
20° yaw, 33 knots, 1100 psi regulator setting,
rockets on downstream wing only, full
ammunition load, original aileron linkages,

Figure 9.- Continued.
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(c)
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Typical spreading operation (Test record 3):
20° yaw, 35.8 knots, 1100 psi regulator setting,
rockets on downstream wing only, full
ammunition load, original aileron linkages.

Figure 9.- Continued.
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(d)

Typical folding operation (Test record 4):

0° yaw, 45 knots, 1450 psi regulator setting,
rockets removed, full ammun‘tion load,
modified aileron linkages.

Figure 9.- Continued,
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- (e) Typical spreading operation (Test record 5):

. 0° yaw, 45 knots, 1450 psi regulator setting,
- rockets removed, full ammaunition load,
_ o _ ‘modified aileron linkages.

Figure 9.- Concluded.
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Figure 20~ Variation of hydraulic pressure and load in the wing-folding struts with
wing position for -30° yaw; |[350 psi regulator settling, original aileron
linkages, rockets on downstream wing only, full ammunition load.
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Figure 2)-

Angle of wing rotation from horizontal, degrees
(a)— Folding operation

Variation of hydraulic pressure and load in the wing-folding strufs with

wing position for -q5° yaw; |350 psi regulator setting, original gileron
linkages, rockefs on downstream wing only, fult ammunifion load.

FaU- |D airplane.
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Angle of wing rotation from horizontal, degrees

(b)— Spreading operation
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